Objective: This study examined the efficacy of the intracorporeal one-hand tie technique for renal pedicle control during hand-assisted retroperitoneoscopic nephroureterectomy (HARN). Methods: The intracorporeal one-hand tie technique was conducted in 32 consecutive patients with upper tract urothelial cancer that underwent HARN and open bladder cuff excision. Results: All suture ligatures were successful in securing the renal vessels, except one minor venous bleeding that occurred during vessel transection, which was then controlled by additional clips. The process of controlling the renal pedicle took an average of 12.4 minutes (range, 8e30 minutes). No pedicle control related morbidities were noted. By sparing the usage of endovascular clips and staplers, operative costs were reduced and associated malfunctions eliminated. Conclusion: The intracorporeal one-hand tie technique is an easy, reliable, and cost-effective method in controlling the renal pedicle during HARN. Its efficacy in pedicle control is beyond doubt.
Introduction
Renal pedicle control is the most crucial step in both open and laparoscopic nephrectomy. A pedicle injury may result in massive blood loss and open conversion. Common laparoscopic devices used in securing the renal pedicle include the endovascular gastrointestinal anastomosis stapler (Endo-GIAs), traditional titanium clips, and nonabsorbable polymer ligating clips (Hem-o-lok; Weck Closure Systems, Research Triangle Park, NC, USA). Unfortunately these devices are not only expensive, but may also malfunction when used to secure the renal pedicle in laparoscopic nephrectomy. 1e3 To avoid these disadvantages, a simple, cost-effective renal pedicle ligation technique (the intracorporeal one-hand tie technique) has been developed. 4 To further assess the performance of this technique, we examined its efficacy in 32 consecutive patients who underwent HARN.
Materials and methods
The intracorporeal one-hand tie technique for renal pedicle ligation was conducted in 32 consecutive patients with upper tract urothelial cancer who underwent HARN and open bladder cuff excision, including 12 men and 20 women. Average patient age was 65.7 years (range, 52e93 years), average height was 157.3 cm (range, 138e173 cm), average weight was 60.4 kg (range, 34e104 kg), and average body mass index ± standard deviation was 24.1 ± 4.0 kg/m 2 (range, 16.7e36.5 kg/m 2 ). Patients with kidneys densely adherent to adjacent structures on preoperative imaging were not considered candidates for laparoscopic surgery.
Gross hematuria was the cardinal symptom in 26 patients. Other associated symptoms included four patients with flank pain or soreness, and two incidental finding of hydronephrosis. Tumors were found in the left upper urinary tract in 18 patients and in the right upper urinary tract in 14 patients.
The patient was placed in a supine position with legs extended and abducted (45e60 ) under general anesthesia. 5 Three incisions were made, including a lower abdomen oblique Gibson incision for the hand port and two small incisions of different sizes at the umbilical level, of which one was located at the posterior axillary line and one just lateral to the peritoneal reflection. Through the Gibson incision, the peritoneum and retroperitoneal fat was bluntly detached from the abdominal wall until a retroperitoneal space was created under the first trocar site at the umbilical level of the posterior axillary line. Under hand guidance in the retroperitoneal cavity, the first trocar was inserted through the incision at the planned site. A GelPort hand port device was placed into the Gibson incision (Applied Medical, Rancho Santa Margarita, CA). Pneumoretroperitoneum was created at 15 mmHg carbon dioxide. Under this pressure, the peritoneum was further detached from the abdominal wall and a retroperitoneal space was created for laparoscopic surgery. A 10-mm 0 laparoscope was inserted through the trocar. The peritoneal reflection was identified. Under this pressure, the peritoneum was pushed medially spontaneously without blunt dissection. The second trocar was inserted into the retroperitoneal space under hand and laparoscope guidance. The laparoscope and operative instrument were inserted into separate trocars. After the kidney was palpated, the ureter was identified and traced upwards to the renal pedicle, and adjacent tissue of the renal vessels was dissected. The renal vessel was singled out and elevated by the tip of the index finger (of the nondominant hand with the palm facing upward) with the tip of the finger protruding 1 cm above the renal vessel. One end of a 45-cm 2-0 silk suture was introduced from the laparoscopic port and brought to loop around the tip of the index finger with an endoforceps. A series of maneuvers were then made. First, the hand was pronated to hook the suture line by the index finger. Then the hand was retracted toward the surgeon so the renal vessel alone was encircled by the suture line. The intra-abdominal end of the suture line was then grasped by the thumb and the index finger. The opposite end of the suture line was held extracorporeally with the dominant hand, and the one-hand tie technique was performed (in a similar way to an open procedure) with the intraabdominal end (Fig. 1) . The knot was pushed upon the renal vessel by the intra-abdominal index finger, and both ends of the suture line were tightened to create equal tension on the knot (Fig. 2) . Four three-throw square knots were done to secure the renal vessel ligation (3 were placed proximally, 1 distally) prior to division. After the renal vein and artery were ligated, the artery and vein were transected between the proximal and distal ligatures with an endoscissors. After the renal pedicle was controlled, the upper kidney pole was dissected and the adrenal gland was spared. The remaining renal attachment was then dissected and the kidney and upper ureter were removed though the Gibson incision. The distal ureter and bladder cuff were excised under direct vision.
Results
All HARNs were performed smoothly. All suture ligatures were successful in securing the renal vessels, except one minor venous bleed during vessel transection, which was controlled by the placement of surgical clips proximal to the transected stumps. The process of controlling the renal pedicle took an average of 12.4 minutes (range, 8e30 minutes). For comparison, we included 32 patients with renal pedicle controlled by Endo-GIAs and clips prior to the development of one-hand tie suture ligation. The clinical and pathological characteristics of the patients are shown in Table 1 . Baseline demographics were comparable in the suture ligation and Endo-GIAs groups with respect to age (65.5 ± 11.15 years vs. 67.5 ± 11.9 years, p ¼ 0.47), body mass index (24. 
Discussion
Stapling with Endo-GIAs and the application of occluding devices, such as titanium or Hem-o-lock clips are currently the most commonly used methods in pedicle control during laparoscopic nephrectomy. Despite its obvious advantages, high cost and potential mechanical failure are subsequent shortcomings that cannot be overlooked. Mechanical malfunction or user error of the EndoGIAs can result in massive bleeding and necessitate a conversion to open surgery, which raises the risk of morbidity. Chan et al 1 reported 10 cases of malfunction (1.7%) in a series of 565 nephrectomies. In a review using the Food and Drug Administration manufacturer and user facility device experience database, Deng et al 2 reported a comprehensive list of potential problems with the Endo-GIAs during laparoscopic urological procedures. A total of 60 malfunctions were reported, resulting in significant morbidity (45%) and two deaths. The Endo-GIAs staples and cuts the vessel in a single step, leaving no room for fine adjustments, which could lead to life-threatening hemorrhage once it malfunctioned. In an animal model, Kerbl et al 6 evaluated the role of staples, clips, and sutures in ligating the renal pedicle. They reported that three 9-mm titanium clips are as secure as standard 2-0 and 0 silk ligatures. However, a major shortcoming of using titanium clips to ligate the pedicle is that they may be dislodged easily, as observed on many occasions such as a hardened and thickened ureter or an atherosclerotic renal artery. 7 Nelson et al 8 recognized that clips applied to a silicone tube were vulnerable to radial or horizontal forces, which suggests that clip malfunctions might occur during clip ligation in laparoscopic surgery. Friedman et al 9 reported titanium clip slippage that resulted in catastrophic complications, including death. The package insert of the Auto Suture Endo Clip disposable clip applier (U.S. Surgical, Norwalk, CN) clearly states that this device must not be used on the renal artery for primary vascular hemostasis. 10 To prevent clip slippage, clips with locking mechanisms at the tip such as the Hem-o-lok were devised. Potential complications may occur as the locking mechanism may cut through the vessel wall due to careless application and the inadequately small size of the clip. Furthermore, larger clips used on smaller vessels produce insufficient occlusion. 3 Pedicle control by knot tying is the common practice in controlling the renal pedicle during open nephrectomy. Kadirkamanathan et al 11 noted that laparoscopically formed intracorporeal knots may be weaker and less reliable than those tied by hand. In addition, tying these knots is usually time consuming and difficult to master. Janetschek et al 12 used extracorporeally formed knots to shrink the caliber of the vein prior to facilitating complete renal vein occlusion by three 10-mm Hem-olok clips. This indicated that they have grave concerns of using laparoscopical instrument knots alone in pedicle control and doubt that a wide vein can be safely occluded by clips. Furthermore, a specially designed knot pusher was required to push standard surgical knots down through the 10-mm port. Without the stability, strength, and sensation of the intra-abdominal hand, the knot cannot be applied as firmly as otherwise possible and the delicate balance of tension between both ends of the suture line may be broken, which could lead to pedicle injuries.
We reported earlier about a new technique duplicating an open method to control the renal pedicle during HARN. 4 The efficacy of this technique in controlling the renal pedicle is examined in this article. In our cases, the technique was performed with ease on arteries or veins of lesion kidneys on either side without related morbidity. The total operative time between the right and the left kidney was not significantly different (132.2 ± 28.9 minutes, n ¼ 14 vs. 125.1 ± 20.6 minutes, n ¼ 18, respectively). The process of controlling the renal artery and vein took an average of 12.4 minutes (range, 8e30 minutes). In the case of a very short renal vein, where knot security is a primary concern, transfixing sutures are commonly suggested. In our view, the second or third ligature can always be replaced with a transfixing suture to prevent knots from falling off a major vessel. We used transfixing sutures in our initial three patients. Although the security of such sutures is beyond doubt, it is time consuming. When we became more confident with the intracorporeal one-hand tie technique, we used three sutures to secure the proximal side of the renal vessel and one to secure the distal side. From our experience, vessels of any diameter will shrink in size after the first ligation, creating a safer and easier environment for securing the second and third ligatures, thus minimizing suture slip-offs. (A 2 nd and 3 rd ligature is usually required to prevent failure of pedicle control even in open nephrectomy.) With the help of the intra-abdominal hand, the knots could be tied more firmly than using intracorporeal instrumental methods. Surgeons would therefore be free from concerns of insecure ligations. The intracorporeal one-hand tie technique is easy to learn and master because surgeons have all had prior experiences of maneuvers in open surgeries. No device other than those commonly used in hand-assisted laparoscopic surgery is required. In the case of an Endo-GIAs firing, the staple line and the vessel stumps would be difficult to identify, complicating the application of additional salvage clips on the vessels stumps if needed. With the intracorporeal one-hand tie technique, after renal vessels are transected, the stumps of renal vessels can be clearly inspected and salvage clips easily applied if necessary.
To ligate the renal artery and renal vein separately, creation of a space between the renal vein and renal artery is required prior to applying Endo-GIAs or performing other ligating techniques. The risk of vasculature injury is a common concern, but, by using the intracorporeal one-hand tie technique, the concern above can be greatly reduced by fully utilizing the intracorporeal index finger. The fingertip of the index finger possesses the quality of being soft, elastic, and smooth, which is crucial in avoiding vascular injury commonly caused by rigid instruments with angles. Furthermore, it enjoys fine tactile senses that could help prevent disastrous entry. Compared to a rigid instrument, the tip of the index finger can also adjust to a wider angle in approaching the space between the renal artery and renal vein, thus risks of vasculature injuries could be further reduced. A thorough vessel dissection is usually required to create a larger space prior to the application of a clumsy and bulky device such as the Endo-GIAs. In addition, the presence of unrecognized clips could cause malocclusion and would require a larger field of vision to avoid subsequent malfunction, 1 thus increasing the need for further dissection, but the one-hand tie technique does not run such risks: all we need is a finger's space. Compared to conventional nephroureterectomy, HARN has the additional cost (at our institution) of one-hand port ($650), two 11e12-mm trocars ($135 each), two endovascular staplers ($323 each), and one 10-mm clip applier ($220), all of which are for single use only. After the development of the intracorporeal one-hand tie technique, disposable vascular devices were no longer required for our patients except one who needed additional 10-mm clips for a small bleeder. The one-hand tie technique significantly lowers the costs of operations (the cost of a pack of silk sutures is a mere $2) and eliminates the risk of device-associated malfunctions. An intracorporeal nondominant hand provides so much help that it saves at least one trocar (only 2 trocars are needed instead of 3 or more) and an entrapment sack. With the help of the tactile senses of the hand, important structures can be easily identified, thus eliminating the waste of clips and staples. Intracorporeal one-hand tie technique can also be applied in ligating the ureter or accessory artery/veins of the kidney, facilitating further cost reduction.
Conclusion
The intracorporeal one-hand tie technique is a safe, reliable, efficient, and inexpensive method to ligate the renal pedicle during HARN. The efficacy of this technique in controlling the renal pedicle of our 32 patients is as reliable as open nephrectomy. The risk of device malfunction and the cost of an Endo-GIAs are both eliminated. This technique elevates the cost effectiveness and safety of HARN.
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